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Drug formulations for parenteral use 

This invention relates to drug formulations of antiestrogens, 
particularly antiestrogens comprising a triphenylbutene moiety f 
for use in parenteral administration. 

Toremifene, desmethyl toremifene, desmethyl tamoxifen and 
tamoxifen are all examples of substituted triphenylbutenes 
useful in cancer therapy. Reference is made to US 4696949, 
US 4990538 and US 4356516. They can all be described with 
the formula 

f 1 



CH 2 

in which R x is CH 3 or H and R 2 is H or CI. 

The compounds mentioned above have the following values of 

R l *2 

toremifene CH 3 CI 

desmethyl toremifene H CI 

tamoxifen CH3 H 

desmethyl tamoxifen H H 

A common feature of these antiestrogens is their poor 
solubility in water. Thus, parenteral administration of these 
drugs cannot be accomplished simply by an aqueous solution 
of the active ingredients. 

There is a clear need for parenteral formulations of the 
anticancer antiestrogens. Injectable high-concentration 
toremifene formulations will have important clinical benefit 



1) 



in the attempts to reach high concentrations in tissue* 
This is necessary especially when combinations of 
toremifene with cytotoxic drugs are given to a 
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patient. As shown by DeGregorio et al (J Clinical 
Oncology^ vol 7, No 9,1989: 1359 - 1364.) high plasma 
concentrations are more effective in reversing multidrug 
resistance than low concentrations. An injectable 
formulation enables high peak concentrations in blood 
and tissues without exposing the patient to long-term 
treatment ; 

2) when given locally into a tumor. This enables a high and 
efficacious concentration in the tumor to be achieved; 

3) when used topically in a benign estrogen-dependent 
lesion li3ce cystic mastalgia, where toremifene can be 
injected directly into a painful cyst; 

4} when spreading toremifene topically onto palpable and 
subcutaneous breast cancer metastases; 

5) when an intravesical installation is given for the therapy 
of superficial bladder cancer. In this indication 
toremifene may well be used together with other 
anticancer drugs to enhance their efficacy; 

6} when an intraperitoneal solution is given for the 
treatment of certain types of overian cancer; 

7) when other topical, estrogen-dependent lesions are 
treated with an antiestrogen. 

The parenteral drug formulations according to this invention • 
include emulsions, aqueous solutions of cyclodextrin - drug 
complexes and liposomes. 

Dissolution properties of drugs can be significantly improved 
by complexation of the drug substance with cyclodextrins . 
Cyclodextrins (including a, 0 and r cyclodextrins and their 
derivatives) are all cyclic oligomers of glucose. The 
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cyclodextrins can form inclusion complexes with drugs in -that 
the drug molecule is included in the lipophile- seeking cavities 
of the cyclodextrin molecule. Therefore the cyclodextrins 
effectively solubilize lipophilic drugs into aqueous media. The 
use of cyclodextrins in the pharmaceutical field has been 
described e.g. in Drug Development and Industrial Pharmacy, 
17(11), 1503-1549, 1991. 

With respect to the antiestrogens mentioned above, however, no 
parenteral drug formulations based on complexation of the 
active drug substance with 2-hydroxypropyl cyclodextrins are 
known in. the art. One object of this invention is a parenteral 
formulation based on a 2-hydroxypropyl cyclodextrin, preferably 
2-hydroxypropyl P -cyclodextrin or 2-hydroxypropyl-r- 
cyclodextrin, complex including an active drug substance 
selected from the group consisting of toremifene, 
desmethyltoremifene, tamoxifen and desmethyltamoxifen or a 
pharmaceutically acceptable non-toxic salt thereof, said 
complex being present in an aqueous solution. 

Emulsions of the antiestrogens mentioned above can be made by 
- dispersing the drug or a cylodextrin complex of said drug 
into a pharmaceutically acceptable emulsifier, and optionally 
adding a stabilizing agent. 

Parenteral administration of the drugs mentioned above may also 
be accomplished by aqueous solutions of liposomes containing 
said, drug or a salt thereof. Liposomes are spherical particles 
in an aqueous medium, formed by a lipid bilayer enclosing an 
aqueous compartment. The lipid surface may be either 
unilamellar or multilamellar. The liposomes may be loaded 
with either hydrophobic or hydrophilic drug substances. 

Another object of the invention is a parenteral formulation 
based on the drug substance as such loaded into liposomes. 
Such liposomes can be made by dissolving the drug or drug- 
cyclodextrin. complex together with a phospholipid component, 
preferably DMPG (dimyristoylphosphatidylglycerol ) and/or POPC 
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(= i-palmitoyl~2-oleoyl-sii--glycero-3-phosphorylcholine) r in a 
chloroform - methanol mixture, evaporating the solvent, 
dissolving the residue into water followed by homogenization . 
According to this invention liposomes can be made directly by 
dissolving the drug or the drug-cyclodextrin complex and 
phospholipid component directly in water without foregoing 
dissolving into chloroform - methanol mixture. 

Another object of this invention is a parenteral formulation 
based on a 2-hydroxypropyl cyclodextrin, preferably 2- 
hydroxypropyl 0-cyclodextrin or 2-hydroxypropyl r-cyclodextrin f 
complex including an active drug substance selected from the 
group consisting of toremifene, desmethyl toremifene, tamoxifen 
and desmethyltamoxif en or a pharmaceutical^ acceptable non- 
toxic salt thereof, said complex being loaded into a liposome. 

Preparation of the autiestrooen-2-hv droxvpropvl cyclodextrin 
complexes ; 

A weighed amount of 2-hydroxypropyl cyclodextrin was dissolved 
. into distilled water by shaking with a shaker . The so formed 
clear solution was equilibrated with a large excess of 
antiestrogen at the boiling point- After removing the almost 
clear solution the excess of antiestrogen started to 
precipitate. The solution was kept overnight at room 
temperature and the excess of precipitated antiestrogen was 
removed by centrifugation. 



Measurement by HPLC of the solubility of the anti-estrogen in 
an aqueous solution of 2-hydroxypropyl cyclodextrin. 

The fully automated HPLC apparatus. (Hewlett-Packard, USA) 
consisted of a pump 1090 r an autosampler and autoinjector 
(79847A) with an injection volume of 10 ul and a fixed 
wavelength UV detector, 280 nm (79881A). The chromatograms 
and peak areas were recorded with an integrator 3393. The 
separations were carried out at room temperature on a 35 * 
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4.6 mm stainless steel column (packed with 3-pm spherical 
octadecylsilanebonded silica particles; HS- 3 C-18, (Perkin- 
Elmer, USA) 

■The mobile phase consisted of a mixture of acetonitrile : 
0.0.5 M aqueous phosphate buffer containing 0.004 M of 
dimethyloctyl amine with a pH of 7.4. The flow rate was 0.8 
ml/min. 



Preparation of the liposomes t 

1) Liposomes based on cyclodextrin - drug complexes and 
prepared by dissolving the components in an organic solution 

2-hydroxypropyl-p-cyclodextrin (12 mg), POPC (32 mg), choleste- 
rol (4 mg), DMPG (dirayristoylphosphatidylglycerol) (8 mg) and 
toremifene citrate. (2 rag) were dissolved in choloroform - met- 
hanol (2:1) and evaporated. The residue was dissolved in water 
and homogenized by sonication (Labsonic U, 50 W) . The stability 
of the solution was good; no turbidity was observed after one 
month in - room temperature . 

2) Liposomes based on cyclodextrin - drug complexes and 
prepared by dissolving and homogenizing components directly 
in water 

2-hydroxyprOpyl-p-cyclodextrin (24 mg), DMPG (dimyristo- 
ylphosphatidylglycerol) (16 mg) and toremifene citrate (2 mg) 
were simultaneously dissolved in 2 ml water and homogenized by 
sonication (Labsonic U, 50 W) . The final solution was as clear 
as the solution above. The mean particle diameter of these two 
solutions were about 100 nm (Nicomp 370/HPL high power laser 
option).. The solution was stable after one week storage at room 
temperature. 

3) Liposomes which were not based on cyclodextrin complexes 
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Preparation of these solutions was attempted by dissolving 
the components directly into water. The only composition 
which gave a clear or slightly opalescent solution was DMPG 
(16 or 32 mg) , toremif ene citrate '(2 mg) dissolved and 
homogenized by sonication (50 W) in 2 ml water. The 
stability of the solutions were not however good enough; 
solutions became a bit turbid in one month storage at room 
temperature, e.g., the* composition toremif ene citrate (2 
mg) r DMPG (32 mg) and cholesterol (4 mg) was not able to 
dissolve and homogenized in 2 ml water. 

These results indicate that stable liposomes cannot be 
acnieved in the absence of a cyclodextrin component 
especially if the drug and phospholipid are mixed directly 
into water. 

However, cyclodextrin-free liposomes can be made by mixing 
the ingredients first in chloroform/ ethanol (2:1) as 
described above for the. cyclodextrin-containing liposomes. s 
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Solubility results 

Formulation Toremif ene , solubility 

mg of toremifene w 

ml of cyclodextrin-water soln. 

500 mg p-HPC/ral of aqueous soln. 87.7 

250 « 53.0 

125 - 21.7 

• 63 » 14#1 

25 ■ - 7 ,4 

0 M 0.3 

/3-HPC = 2-hydroxypropyl-p-cyclodextrin 

500 mg r-HPC/ml of aqueous soln. 125.4 

61.1 
36.3 



25.0 
125 



r-HPC = 2-hydroxypropyl-r-cyclodextrin 



Tamoxifen solubility 

mcr of tamoxifen 

ml of cyclodextrin-water soln. 



500 mg P-HPC/ml of aqueous soln. 67.4 

250 « * 43.3 

X H " 23.5 

25 • 6 .i 

0 " < 1.0 



Desmethyl toremifene solubility 

mg of desmethvl toremifene 

ml of cyclodextrin-water soln. 

125 mg p-HPC/ml of aqueous soln. 21.0 



The pharmacokinetics of the toremifene formulations described 
above, when, give intravenously, resemble closely those of 
peroraliy given toremifene. However, during the first minutes 
and 1-2 hours the concentrations of the intravenously given 
drug are high, while the drug, when given per os, has not yet 
been absorbed completely from the gastrointestinal tract. 
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Preparation of emulsions: 

Emulsions prepared by dissolving the drug in a commercial 
fat emulsion. 

The commercial fat emulsion used was Enrulsan® 20 % 
(manufacturer Leiras-Kabi Infusion Ltd., Finland). Different 
amounts of toremifene citrate were dissolved in Emulsan 
solution and homogenized by sonication (Labsonic U, 50 W) . 
The toremifene concentrations were 10 mg/ml, 14 mg/ml and 20 
mg/ml. After the homogenization the samples were filtered 
through the 0.2 pm, 0.45 fim and 1.2 pm filters. 

The concentration of toremifene was determined from the 
filtrate with a spectrof otometric method using the wave 
length of 278 run. The samples were dissolved in methanol and 
diluted in the concentration of 0.02 mg/ml. 



The resul ts are presented in the following table: 



| Concentration 

J before filtration 

J [mg/ml] 


Size of 
the filter 
[urn] 


Concentration 
after filtration 
[mg/ml] 


1 

10 


0.2 

0.45 

1.2 


4.4 
4.0 
4.4 


- 


0.45 
1.2 


4.3 
3.7 


20 


0.45 
1.2 


3.6 
3.6 



The results show that the solubility of toremifene can be 
increased considerably by encapsulating the toremifene in an 
emulsion droplet. 



J 
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Claims . 

A parenteral drug preparation in the form of an 
emulsion or liposome of an active drug substance 
selected from the group consisting of toremifene, 
desmethyl toremifene, tamoxifen and desmethyl tamoxifen 
or a pharmaceutically acceptable non-toxic salt 
thereof. 

2 - A preparation according to claim 1 where the drug is 

toremifene or its non-toxic, pharmaceutically 
acceptable salt. 

3 " A parenteral drug formulation comprising an aqueous 

solution of a complex which comprises a 2-hydroxypropyl 
cyclodextrin component and an active drug component in 
which the active drug is selected from the group 
consisting of toremifene, desmethyl toremifene, 
tamoxifen and desmethyl tamoxifen or a pharmaceutically 
acceptable non-toxic salt thereof. 

4. A formulation according to claim 3 where the 2- 

hydroxypropyl cyclodextrin component is 2- 
hydroxypropyl-p-cyclodextrin . 

5« A formulation according to claim 3 where the 2- 

hydroxypropyl cyclodextrin component is 2- 
hydroxypropyl-r-cyclodextrin . 

A formulation according to claim 3 to 5 where the 
drug is toremifene or its non-toxic 
pharmaceutically acceptable salt. 

7 * A. parental drug formulation comprising an emulsion or 

liposome comprising a complex which comprises a 
2-hydroxypropyl cyclodextrin component and an active 
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. drug component In which the active drug is selected from 
the group consisting of toremifene, desmethyl 
toremifene r tamoxifen and desmethyltamoxifen or a 
pharmaceutical^ acceptable non-toxic salt thereof. 

a. A formulation according to claim 7 where the 2- 

hydroxypropyl cyclodextrin component is 2- 
hydroxypropyl-0-cyclodextrin . 

9. A formulation according to claim 7 or 8 where the 
drug is toremifene or its non-toxic 
pharmaceutically acceptable salt. 

10. A method of treatment of an estrogen-r dependent 
tumor in a mammal comprising administering 
parenterally to said mammal an amount of a 
formulation as claimed in claim 1 sufficient to 
produce the desired effect. 

IX. A method of treatment of an estrogen-dependent 

tumor in a mammal comprising administering 
parenterally to said mammal an amount of a 
. formulation as claimed in claim 3 sufficient to 
produce the desired effect. 

12. A method of treatment of an estrogen-dependent 

tumor in a mammal comprising administering 
parenterally to said mammal an amount of a 
formulation as claimed in claim 6 sufficient to 
produce the desired effect. 
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